INTRODUCTION
Persons with metabolic syndrome are at increased risk for developing type 2 diabetes mellitus and cardiovascular disease as well as for increased mortality from cardiovascular diseases and all other causes 1, 2 . The prevalence of type 2 diabetes mellitus resulting from metabolic syndrome is increasing rapidly, and is affecting the health of millions of humans, and will continue to do so in the near future. The development of type 2 diabetes mellitus is associated with pancreatic β-cell dysfunction occurring together with insulin resistance IR . Normal β-cells can compensate for IR by increasing insulin secretion, but insufficient compensation leads to the onset of glucose intolerance. Once hyperglycemia becomes apparent, β-cell function progressively deteriorates: glucose-induced insulin secretion becomes further impaired and degranulation of β-cells becomes evident, often accompanied by a decrease in the number of β-cells 3 6 . Recently, it was reported that the of maple syrup demonstrated an inhibitory activity toward α-glucosidase 19 . Although, these data suggest the possibility that maple syrup might be used to prevent obesity and the development of diabetes mellitus in comparison with other sweeteners such as sucrose and glucose-fructose syrup, there are almost no reports or scientific evidence to indicate the effects of the oral consumption of maple syrup on plasma glucose PG levels. In this study, we investigate whether maple syrup is suitable for use as a sweetener in the management of type 2 diabetes mellitus using the Otsuka Long-Evans Tokushima Fatty OLETF rats, a model of type 2 diabetes mellitus 20 .
EXPERIMENTAL

Animals and materials
Male Long-Evans Tokushima Otsuka rats LETO, normal control rat and OLETF rats aged 30 and 60 weeks were used in this study. The LETO and OLETF rats were obtained from Otsuka Pharmaceutical Co., Ltd., and housed under standard conditions 12 h/d fluorescent light 07:00-19:00 , 25 room temperature with free access to a commercial diet CE-2, Clea Japan Inc., Tokyo, Japan and water. All procedures were performed in accordance with the guidelines of the Kinki University Faculty of Pharmacy Committee for the Care and Use of Laboratory Animals. Maple sugar was a gift from BASCOM MAPLE FARMS, INC. Quebec, Canada , and the carbohydrate composition was analyzed by the Japan Inspection Association of Food and Food Industry Environment by anion exchange HPLC sucrose; 93.7 , glucose; 0.6 , fructose; not detectable N.D. , maltose; N.D., galactose; N.D. . The maple syrup used in this study was prepared by freshly desolving maple sugar in water at a common concentration before use to control quality since there was the possibility that a stock of maple syrup could be denatured by bacteria over the course of this long term study ca. 8 months . The maple sugar concentration was adjusted to 0.8 g/ml, which was chosen to yield a sugar composition equal to that of the sucrose solution used 0.75 g/ml . The resulting the maple syrup contains a higher glucose unit than sucrose because maple sugar contains glucose as a monosaccharide. All other chemicals used were of the highest grade commercially available.
2.2 Measurement of body weight and blood tests for diabetes mellitus Body weights and some blood test parameters for diabetes mellitus were measured for rats 30 and 60 weeks of age. Blood was drawn from the tail vein of each rat fasted for 15 h without anesthesia, and plasma glucose PG , triglycerides TG , total cholesterol Total-cho and insulin levels were measured. The PG and TG levels were determined by the Accutrend GCT Roche Diagnostics, Mannheim, Germany . Total-cho levels were measured by the cholesterol oxidase method and phosphotungstatemagnesium salt method using a Cholesterol E-Test Kit Wako, Osaka, Japan . Insulin levels were measured using an ELISA Insulin Kit according to the manufacturer s instructions Morinaga Institute of Biological Science Inc., Kanagawa, Japan . Briefly, monoclonal antibodies specific for rat insulin were pre-coated onto microplates, standards and samples were pipetted into the wells, and the microplates were incubated at 4 for 2 h. After washing to remove unbound materials, rat insulin antibodies were added to the wells at room temperature for 30 min. After washing, the substrates were added. The enzyme reactions yielded blue products that turned yellow when the stop solutions were added. Insulin levels were determined by measuring the absorbance at 450 nm with a microplate reader BIO-RAD, California, USA .
2.3
Oral glucose tolerance test OGT test using sucrose and maple syrup Rats were fasted for 15 h, and sucrose or maple syrup an amount equivalent to 1.5 g/kg sucrose was administered orally to each rat. Blood samples were taken from the tail veins at 0 just before glucose administration , 15, 30, 60, 120 and 180 min. PG and insulin levels were determined by the Accutrend GCT and ELISA Insulin Kit, respectively.
The differences in the PG ΔC PG , mg/dl and insulin ΔC insulin , ng/dl concentrations between OLETF rats with or without the oral administration of sucrose or maple syrup were analyzed, and the area under the curve for ΔC PG or insulin AUC 0-180 min was calculated according to the following equation:
Briefly, t is time min after the oral administration of sucrose or maple syrup. AUC 0-180 min was determined according to the trapezoidal rule up to 180 min, which was the last point of PG or insulin concentration measurement.
Statistical analysis
All data are expressed as the mean standard error S.E. of the mean. Unpaired Student s or Aspin-Welch s t-test was used to evaluate statistical difference. P values less than 0.05 were considered significant.
RESULTS
3.1 Changes in plasma glucose levels in 30-or 60-weekold OLETF rats following the oral administration of sucrose or maple syrup Table 1 shows the changes in food and water intake of LETO and OLETF rats at 30 and 60 weeks of age. The food and water intakes of OLETF rats were significantly higher than those of LETO rats, with 60-week-old OLETF rats consuming 40.2 1.9 g/day/rat and drinking 81.8 3.4 ml/ day/rat. The food and water intakes of OLETF rats at 30 and 60 weeks of age were similar in this study. Table 2 shows the body weights, PG, TG, Total-cho and insulin levels of LETO and OLETF rats at 30 and 60 weeks of age. Type 2 diabetes mellitus had developed in the 30-week-old OLETF rats with metabolic syndrome, and the body weights, PG, TG, Total-cho and insulin levels were all significantly higher than in LETO rats. With continued aging, the 60-week-old OLETF rats had developed hypoinsulinemia, and the body weights and plasma insulin levels were lower than those of LETO rats. Figure 1 shows the influence of the type of sweetener, sucrose and maple syrup, on PG levels. The values of the AUC 0-180 min for PG in 30-and 60-week-old LETO and OLETF rats administered sucrose or maple syrup are summarized in Table 3 . The PG levels of 30-and 60-week-old LETO rats reached a peak 30 -60 min after the oral administration of sucrose or maple syrup, and then gradually decreased. Consistent with the results in LETO rats, the PG levels in OLETF rats at 30 and 60 weeks of age did not decrease to the pre-prandial levels by 3 h after the oral administration of either sucrose or maple syrup. The enhancement in PG in 30-and 60-weekold OLETF rats administered maple syrup was lower than that in OLETF rats administered sucrose, and the AUC 0-180 min values for PG in 30-and 60-week-old OLETF rats administered maple syrup were significantly lower than those in sucrose-administered OLETF rats ca. 30 lower, Table  3 .
Changes in insulin levels in 30-and 60-week-old
OLETF rats following the oral administration of sucrose or maple syrup Figure 2 shows the influence of the sweetener, sucrose or maple syrup, on plasma insulin levels in the OGT test, and Table 4 shows the AUC 0-180 min for insulin in 30-and 60-week-old LETO and OLETF rats administered sucrose or maple syrup. The insulin levels of 30 and 60-week old LETO rats reached a peak at 60 min after the oral administration of either sucrose or maple syrup, and then gradually decreased. The insulin levels in OLETF rats at 30 weeks of age were also increased by the oral administration of sucrose or maple syrup, although the enhancement was lower than that in LETO rats, and the insulin levels did not decrease to the pre-prandial levels by 3 h after the oral administration. On the other hand, the insulin levels in OLETF rats at 60 weeks of age did not increased following the oral administration of either sucrose or maple syrup. No significant differences were observed in the plasma insulin levels between sucrose-and maple syrup-administered LETO or OLETF rats Table 4 .
DISCUSSION
The restriction of sweeteners, such as sucrose, maple syrup, honey etc., is important to prevent obesity and the promotion of diabetes mellitus. Recently, the results of in vitro studies have suggested that the natural sweetener maple syrup may have antioxidative activity 18 and α-glucosidase inhibitory activity 19 . Therefore, it is possible that maple syrup is suitable for use as a natural sweetener Table 1 Food and water intake of LETO and OLETF rats in this study.
Food intake (g/day/rat) Water intake (ml/day/rat) The data are presented as means S.E. of 6 independent rats. * p < 0.05 vs. LETO rats for each category.
in the management of type 2 diabetes. In this study, we investigated the suitability of maple syrup by comparing the changes in PG levels after the oral administration of sucrose or maple syrup using OLETF rats as a model for type 2 diabetes. In work such as this to study accurately the effects of the oral administration of sucrose or maple syrup on PG levels in diabetes mellitus, the selection of the experimental animal is very important. Animal models used to investigate the diabetes mellitus include streptozotocin-induced diabetic rats as an animal model for insulin-dependent diabetes mellitus 21 . Although hyperglycemia is present in streptozotocin-induced diabetic rats, the general pathophysiology of the model differs from that of non-insulin-dependent diabetes mellitus in humans. On the other hand, the general pathophysiology of GK Goto-Kakizaki rats, which are used as a model for type 2 diabetes mellitus, can be used for similar purposes 22 . However, GK rats develop type 2 diabetes mellitus in the absence of metabolic syndrome. The OLETF rat is an established model of human type 2 diabetes mellitus 20 in which nearly 100 of males develop a diabetic syndrome by 25 weeks of age. The food intake and water consumption in OLETF rats are higher, and the body weight and TG levels of OLETF rats are significantly increased than that in LETO rats. This enhancement of TG levels causes insulin resistance. Thereby, hyperglycemia and hyperinsulinemia are exhibited in the early phase of the disease as a result of islet cell hyperplasia and peripheral IR at 30 weeks of age 23 25 . With increasing age, the rats eventually develop hypoinsulinemia as a result of β-cell islet deterioration caused by ROS 25 ; the plasma insulin levels in OLETF rats over 60 weeks of age are lower than those in LETO rats of the corresponding age used as normal controls 26, 27 . We have also reported that the oral administration of a powerful antioxidant drug disulfiram to OLETF rats prevents the increase in glucose levels 28 , and that OLETF rats can be used as a model of diabetic complications, such as diabetic keratopathy and cataracts 29 31 . These changes in the biological characteristics of OLETF rats correspond to those of human type 2 diabetes mellitus. Therefore, OLETF rats may provide a useful model of type 2 diabetes for studying the changes in PG and insulin levels following the administration of maple syrup.
The body weights of 30-week-old OLETF rats were approximately 1.3-fold higher than those of 30-week-old The PG level was determined by the accutrend GCT. Open circles, sucrose-administered LETO rats; closed circles, maple syrup-administered LETO rats; open triangles, sucrose-administered OLETF rats; closed triangles, maple syrup-administered OLETF rats. The data are presented as means ± S.E. of 3 independent rats. * 1 p < 0.05 vs. sucrose-administered LETO rats for each category. * 2 p < 0.05 vs. sucrose-administered OLETF rats for each category. The data are presented as means S.E. of 3 independent rats. * p < 0.05 vs. sucrose for each category.
LETO rats Table 2 . The PG, TG and Total-cho levels in OLETF rats increased with age, and reached plateaus within 30 weeks. The plasma insulin levels in 30-week-old OLETF rats were also higher than those in the same age LETO rats Table 2 . These results indicate that 30-weekold OLETF rats had developed diabetes mellitus via IR. Consistent with the results in 30-week-old OLETF rats, the body weights and plasma insulin levels of 60-week-old OLETF rats were lower than those of 60-week-old LETO rats Table 2 . Hirashima et al. 26 reported atrophy or the disappearance of β cells in OLETF rats older than 60 weeks of age, and found that plasma insulin levels were lower than in LETO rats 27 . These findings suggest that the type 2 diabetes mellitus in 60-week-old OLETF rats has reached a fairly advanced stage, and that the changes may be due to the deterioration of islet beta cells with disease progression.
In this study, we compared changes of PG levels in OLETF rats following the oral administration of sucrose or maple syrup, and demonstrated the relationships between PG and insulin levels using 30-and 60-week-old OLETF rats with hyperglycemia and hyperinsulinemia to investigate whether maple syrup is suitable as a sweetener in the management of type 2 diabetes for medium 30 weeks of age and critical 60 weeks of age degree. The insulin levels in OLETF rats at 30 weeks of age increased following the oral administration of either sucrose or maple syrup, and after 3 hours had not yet decreased to the pre-prandial levels Fig. 2 . On the other hand, the insulin levels in OLETF rats at 60 weeks of age did not increase in response to the oral administration of sucrose or maple syrup. No significant differences were observed in the insulin levels between sucrose-and maple syrup-administered LETO or OLETF rats at 30 or 60 weeks of age Table 4 . The results show that insulin is not functioning in 60-week-old OLETF rats. On the other hand, the enhancements of PG in 30-and 60-week-old OLETF rats administered maple syrup were lower than when the same rats were administered sucrose, and this effect was not due to insulin enhancement, since the AUC 0-180 min values for PG in OLETF rats administered maple syrup were significantly lower than those for sucrose-administered OLETF rats at 60 weeks of age which insulin was not functioning Fig. 1 . In addition, the AUC 0-180 min values for PG in LETO rats administered maple syrup were also significantly lower than those for sucrose-administered LETO rats without IR Table 3 . It is known that sucrose, which is disaccharide, decomposes to g l u c o s e m o n o s a c c h a r i d e t h r o u g h t h e a c t i o n o f α-glucosidase in epithelial cells of the small intestine, and The data are presented as means S.E. of 3 independent rats.
Apostolidis et al. 19 reported that maple syrup has an α-glucosidase inhibitory activity in in vitro. Taken together, the data suggest that the absorption ratio of glucose from maple syrup may be lower than from sucrose in the small intestine, thus preventing the enhancement of PG in maple syrup-administered OLETF rats. Further studies are needed to identify the compounds responsible for the observed low glucose absorption following the oral administration of maple syrup. In addition, it is important to clarify the preventive effect of maple syrup on the development of type 2 diabetes mellitus. We will next investigate the effect of maple syrup supplementation on body weight and blood test values for diabetes mellitus PG, TG, Total-cho and insulin in OLETF rats during the development of diabetes. In preparation for future work, we have started to identify the compounds related to the suppression of glucose absorption from maple syrup, and found some unknown peaks that have not been reported, on electropherograms obtained from our series of our study by capillary electrophoresis. We will investigate the relationships of those unknown peaks and low glycemic index of maple syrup. These results support the previous in vitro study 19 , and contribute to our understanding of the observed health benefits and biological activities of maple syrup.
CONCLUSION
The present study demonstrates that the increase in PG following the oral administration of maple syrup is lower than in the case of sucrose administration in LETO and OLETF rats, and that the phenomenon may be caused by the low absorption ratio of glucose via maple syrup. These findings provide significant information concerning the potential for the use of maple syrup as a sweetener in the management of type 2 diabetes, and indicate that maple syrup with its lower glycemic index may be useful in the prevention of type 2 diabetes.
